π 0 Transition Form Factor γγ * → π 0
Coupling of neutral pion with two photons G d f QCD hi h Q 2 γγ * → π
Single-tag π 0 production in two-photon process Good test for QCD at high Q 2 g g p p p with a large-Q 2 and a small-Q 2 photon Theoretically calculated from pion distribution amplitude and decay constant
) ( 2 2 μ φ μ π π Measurement: |F(Q 2 )| 2 = |F(Q 2 ,0)| 2 = (dσ/dQ 2 )/(2A(Q 2 )) A(Q 2 ) is calculated by QED |F(0 0)| 2 = 64πΓ /{(4πα) 2 m 3 } |F(0,0)| = 64πΓ γγ /{(4πα) m R } Detects e (tag side) and π 0 Q 2 = 2EE'(1 cos θ) from energy and polar angle of the tagged electron 2 Q 2 = 2EE (1 -cos θ) from energy and polar angle of the tagged electron BaBar's Measurement π 0 transition form factor (TFF) measured by BaBar is larger than the asymptotic pQCD prediction above Q 2 >10GeV 2 VC process has a similar topology to the signal process VC process has a similar topology to the signal process Peaking (π 0 ) Backgrounds (e)eπ 0 X ---Backgrounds peaking at the pion mass, which leak near to ( E ratio =1, |Σp t |=0 ) ( ) f (1) Study of wrong-sign events (defined by the charge vs. z-direction correlation)
Backgrounds from e + eannihilation and particle misidentification (of muon or hadron) are negligibly small.
( 
For Transition Form Factor:
Half of the above values as |F|~√dσ/dQ 2 8 14% in total Half of the above values, as |F|~√dσ/dQ 2 8 -14% in total with added by an uncertainty of 2A(Q 2 ) --2% (form-factor effect for the low-Q 2 photon) in the range, 4 GeV 2 < Q 2 < 40 GeV 2 .
Comparisons with Previous Measurements and Fits
There was a significant effect from Bhabha-veto, but the trigger simulator to estimate the signal efficiency is tuned reliably ∼ ∼ estimate the signal efficiency is tuned, reliably, calibrating it using radiative Bhabha events.
• No rapid growth of π 0 TFF is observed for the region Q 2 >9GeV 2 .
• Phenomenological fits are applied for Q 2 dependence of π 0 TFF. The tail around E ratio~0 .75 is consistent with the expected radiative tail of the signal process.
Conversion factor for |F(Q 2 )|: 2A(Q 2 )
Use the cross section formula by "Brodsky-Kinoshita-Terazawa" (PRD 4, 1532 (PRD 4, (1971 ) Brodsky Kinoshita Terazawa (PRD 4, 1532 (PRD 4, (1971 ) Not using EPA ---not trivial EPA -Equivalent Photon Approximation CLEO, PRD57, 33(1998) 
EPA Equivalent Photon Approximation
Assume being factorized as σ ee~ ∫ σ γγ (Q 1 2 , Q 2 2 ) N γ (Q 1 2 ) N γ (Q 2 2 ) (we do not assume this)
We assume only the form factors is factorized σ~∫ a(Q 1 2 , Q 2 2 )|F (Q 1 2 , Q 2 2 ) | 2 , and σ ee ∫ a(Q 1 , Q 2 )|F (Q 1 , Q 2 ) | , and F (Q 1 2 , Q 2 2 ) = F(0, 0) f(Q 1 2 ) f(Q 2 2 ), f(0) = 1 Furthermore, we assume f(Q 2 ) = 1/(1+Q 2 /m ρ 2 ) when Q 2 <m ρ 2 But, f(Q 2 ) is unknown for Q 2 > m ρ 2 (what we measure) Define as F(Q 2 ) F(Q 2 0) F(0 Q 2 ) F(0 0) f(Q 2 ) Define as F(Q 2 ) ≡ F(Q 2 , 0) = F(0, Q 2 ) = F(0, 0) f(Q 2 ) 27 S.Uehara, KEK, Belle, May-Jun. 2012, Krakow Conversion factor for |F(Q 2 )| (cont.)
-factorization assumption factorization assumption Assume some values for c and f(Q 1 2 )
→ dσ/dQ 1 2 = A(Q 1 2 ) c 2 |f(Q 1 2 )| 2 (by BKT formula) conversion factor A(Q 2 ) is determined by the calculation Si l t t d /dQ 2 -Single-tag measurement dσ/dQ 2 Factor 2 :
Ele-tag + Pos-tag (dσ/dQ 2 )/2A(Q 2 ) = c 2 |f(Q 2 )| 2 = c 2 |f(Q 2 )| 2 |f(0)| 2 = |F(Q 2 , 0)| 2 = |F(Q 2 )| 2 with the same scheme for the efficiency determination with the same scheme for the efficiency determination and event generation Signal MC Calculation of A(Q 2 ) coincides BaBar's calculation with the same BKT and the (Q ) same f(Q 2 2 ) within 0.1%.
ISR and Radiative Correction
r k ---Energy fraction of the ISR photon wrt. the beam energy
The r k range for the signals is constrained by E ratio cut which roughly corresponds to -0.03< r k < 0.10 MC event generation includes the ISR effect by exponentiation technique for r k < 0.25 r k distribution is consistent between the data and the signal MC, The selected events are contained in r k <0 10 Our cross section and TFF are converted to those for the LO.
Radiative correction for cross section

Study of Radiative Bhabha samples
Experimental (e)eγ sample with the similar topology to (e)eπ 0 10,000 times larger statistics (but physics is different…) Angle-angle (cos θ γ vs. cos θ e ) Bhabha-Veto pattern in Exp.data
Exp. Data Data
HiE
CsiBB Unbiased: HiE + 50*CsiBB Veto-structure is compensated!
